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Verification of proposed turbopump blading performance will involve evaluation 
of candidate blades in cascade test facilities. It is necessary to be able to predict the flow 
fields within these cascades for the results to be applicable to actual engine 
environments. This work presents the results of a study to predict the flow field for the 
NASA Lewis Transonic Turbine Blade Cascade Facility, which is similar to those used 
to evaluate rocket propulsion turbines. A pitchwise non-uniform total pressure 
distribution was observed at the blade row leading edge plane. A CFD analysis was 
used to show that the cause of the flow non-uniformity was a pair of vortices that 
originated in an embedded bellmouth inlet. Further CFD analysis was used to verify 
that a redesigned inlet section resulted in a flow with acceptable uniformity. 

A computational analysis was chosen because physical accessibility to the inlet 
section was limited, and because a computational approach also allows one to examine 
design changes cheaper and more quicldy than an experimental approach would. The 
PARC code, a general purpose, three-dimensional, Navier-Stokes code with multi-block 
solution capability, was chosen for the present study. Results are presented detailing the 
computational requirements needed to accurately predict flows of this nature. 

Calculations of the original geometry showed total pressure loss regions consistent 
in strength and in location to experimental measurements. An examination of the 
results shows that the distortions are caused by a pair of vortices that originate as a 
result of the interaction of the flow with the imbedded bellmouth. Computations were 
performed for an inlet geometry which eliminated the imbedded bellmouth by bridging 
the region between it and the upstream wall. This analysis indicated that eliminating 
the imbedded bellmouth eliminates the troublesome pair of vortices, resulting in a flow 
with much greater pitchwise uniformity. 
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Transonic Turbine Blade Cascade Inlet Analysis 



c 

CO 


O) 

'35 

O 


oc 

■O 

c 

CO 

0) 

*35 

(0 


c 

o 

IH 

o 

0) 

(0 

*5) 


"8 - 
mi 


O 

73 

CO 

o 

0) 

CO 

o 

CD 

c 


w 

£ 

O 

33 


CO 

c 
a> 

. i 


i 

u 

0) 

MB 

> 

CO 


0 

*55 

c 

a> 

E 

■ ■■ 

a 

1 

o 

0) 


0 

1 
0) 
CD 

73 

CD 

73 

73 

0) 

A 

E 


a 

c 


U) 

o a 
o 3 


o « 
£ O 

oc 

Q. 0) 
3 —I 

73 < 

O ^ 
> < 
0 ) z 


73 

C 


E 

E 

o 

a 




<D 

o 


co 

Q. 



1240 


Jim Van Fossen NASA Lewis Research Center 




I 

09 

•p* 

09 




© 


•a 


HH 


© 


T3 


CO 


v 


09 


eO 




© 


£ 

fl 

0 

•PN 

© 

rt 

a 

a 

•P4 

0) 

09 

H 

0) 


£ 

© 


•p* 

o 

0 

0 

09 

a 

a 

•ps 

a 

£ 

0 

o 



0) 

o 


0) 

TJ 

o 

E 

*o 

c 

(B 

0) 

0) "O 
■D ” 

0 O) 

| 1 

E (o 

« £* 

1 1 

<0 O 
tS © 

a ® 

E - 

o 

o 


o 

O) 

a> 

> 

c 

o 

o 


<0 w 

i i 

T3 ■* - 

C 75 

O 2 

° o 

? 1 

*U g 

C 2" 

3 E 

8 o 

-Q O 


CO 





1241 


off-design incidence case 



Transonic Turbine Blade Cascade Inlet Analysis - 
Overall View of Cascade Inlet Section 



Transonic Turbine Blade Cascade Inlet Analysis - 
Preliminary Experimental Measurements 
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Transonic Turbine Blade Cascade Inlet Analysis - 
Code Descriptions 
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becona-order accurate finite-differences 
Blended second- and fourth-difference artificial dissipation 
Four-stage Runge-Kutta solution algorithm 
Baldwin-Lomax or Cebeci-Smith algebraic turbulence models 



.Transonic Turbine Blade Cascade Inlet Analysis - 
Calculations of Original Geometry (uniform exit) 





Transonic Turbine Blade Cascade Inlet Analysis - 
RVC3D Isolated Blade Calculations - Loading 



Transonic Turbine Blade Cascade Inlet Analysis - 
Non-uniform Exit Pressure Boundary Condition 
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Transonic Turbine Blade Cascade Inlet Analysis - 
Calculations of Original Geometry (non-uniform exit) 



Transonic Turbine Blade Cascade Inlet Analysis - 



Transonic Turbine Blade Cascade Inlet Analysis - 
Modified Geometry and Grids 
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(original geometry) 




Transonic Turbine Blade Cascade Inlet Analysis - 
Calculations of Modified Geometry (non-uniform exit) 




Transonic Turbine Blade Cascade Inlet Analysis - 
Upstream 8:1 Contraction; geometry and grid 



Transonic Turbine Blade Cascade Inlet Analysis - 
Upstream 8:1 Contraction; preliminary results 
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Transonic Turbine Blade Cascade Inlet Analysis - 

Calculations of Modified Geometry with 

Upstream 8:1 Contraction (non-uniform exit) 

x-vorticity, co x measurement plane 
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